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Simple Summary: The field of precision oncology may benefit from the discovery of reliable biomark-
ers for prognosis and prediction, which will help to tailor therapeutic treatments, thus avoiding
overdosing, over-treatment and side effects. Such biomarkers are usually discovered in the tumor
tissue, which is not an easy task given the inaccessibility of the malignant tissue in many types of
cancer. In contrast, liquid biopsies, by being non-invasive procedures, can be repeatedly obtained
from patients without any discomfort during their therapy, thus conferring an important advantage
over tissue biopsy analysis. In this work, we could identify, for the first time, a prognostic biosignature
consisting of CD8+ T-lymphocyte subsets in the peripheral blood of prostate cancer patients.

Abstract: Background: Various studies have reported associations between frequencies of total
peripheral blood lymphocytes and prostate cancer prognosis, but none so far has addressed the
prognostic role of CD8+ T-lymphocyte subsets. Methods: A total of 43 prostate cancer patients with
metastatic disease and 81 patients with non-metastatic disease were included in this study. Flow
cytometry analyses were employed for determining the frequencies of peripheral CD8+ T-lymphocyte
subsets. Results: Statistically significant lower levels of terminally differentiated effector (TEMRA)
cells in patients with non-metastatic disease vs. patients with metastatic disease were observed.
Central memory (CM) and effector memory (EM) CD8+ subsets, were found to be significantly higher
in patients with non-metastatic disease vs. patients with metastatic disease. A similar profile was
revealed when these CD8+ subsets were analyzed based on the patients” Gleason scores, as well as by
combined disease stage (i.e., non-metastatic vs. metastatic disease) and Gleason score. Conclusions:
Peripheral blood-derived CD8+ T-lymphocyte memory subsets could function as biomarkers for the
prognosis of PCa.
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1. Introduction

Tumor recurrence and metastasis are associated with deficiencies in immune lym-
phocyte function resulting in tumor escape from immune surveillance [1,2]. Thus, cancer
evolution is directly associated with immune system functions, which govern the outcome
of the continuous and dynamic interactions between tumor cells and immune lympho-
cytes [1]. In this scenario, robust activation of anti-tumor cytotoxic T lymphocyte activity
during therapies (mostly including immunotherapies) will result in efficient eradication of
the autologous tumor cells with impressive clinical outcomes [3,4]. This potential effect
of the immune system on clinical outcomes is of particular importance because it leads to
the identification of predictive biomarkers for various therapeutic approaches. In addition,
these biomarkers may have a prognostic value for disease progression to advanced stages.

CD8+ T lymphocytes represent the dominant effector cell type with potent MHC
class I—restricted antitumor cytotoxic activity, mediated by the release of perforin and
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granzyme B [5]. Based on their different functional programs, CD8+ T lymphocytes are
grouped into phenotypically distinct subsets based on the expression of CCR7, CD45RA and
CD28, including naive (CD45RA+ CCR7+ CD28+), central memory (CM; CD45RA— CCR7+
CD28+), effector memory (EM; CD45RA — CCR7— CD28+) and terminally differentiated
effector memory (TEMRA; CD45RA+ CCR7— CD28—) cells [6-9].

Previous studies have shown an association between the densities of CD8+ T lym-
phocytes in the peripheral blood and the prognosis of various types of cancers, including
non-small cell lung, breast, colorectal, pancreatic and bladder cancers [10-14]. In prostate
cancer (PCa), most studies have focused on the associations between intratumoral T lym-
phocyte subpopulations and clinical outcomes [15-18]. However, such analyses require
prostatic tumor tissue, which is not always acquirable and, in many cases, the collected
tissue material is not sufficient for exhaustive analyses. In a recent study, Mao et al. [19]
reported an association between absolute counts of peripheral CD4+ T lymphocytes and
NK cells with PCa patients’ survival rates, providing the first evidence that the assessment
of peripheral immune parameters based on CD4+ T lymphocyte and NK cell absolute
counts is valuable for predicting the survival status. Herein, we specifically analyzed the
association between changes in CD8+ T-lymphocyte subsets and levels of malignancy in
PCa patients with non-metastatic vs. metastatic disease.

2. Materials and Methods
2.1. Patients

A total of 124 patients, 81 with non-metastatic (N-MD) prostate cancer (PCa) and
43 with metastatic disease (MD), from the “Saint Savas Cancer Hospital” in Greece were
enrolled between March 2017 and April 2020. Written informed consent was obtained from
all patients. The study and the informed consent form were approved by the Hospital
IRB (IRB-ID6777 /14-06-2017) and the Ethical Committee of the University of Athens (IRB-
ID1516015872/03-02-2016). Patients with additional malignancies, or with a recent blood
transfusion, were excluded. Patients enrolled in this study received standard medical
treatment upon diagnosis and had complete medical records, including PCa characteristics
and treatments received before enrolment. The histologic type of PCa in all patients of the
study was adenocarcinoma.

2.2. Blood Sample Collection

Peripheral blood at a 10 mL volume was collected from PCa patients at the time of
enrollment and peripheral blood mononuclear cells (PBMCs) were isolated using standard
techniques. Briefly, gradient separation was performed using Ficoll (Biochrom, Holliston,
MA, USA) and the cells were subsequently washed twice with PBS. The cell density was
determined using a Neubauer chamber (Poly-optik GmbH, Bad Blankenburg, Germany).
Cell viability was always above 95%. Accordingly, 10 x 10° /mL cells were resuspended
in a freezing medium consisting of RPMI 1640 (Thermofisher, Waltham, MA, USA) sup-
plemented with FCS (Thermofisher, Waltham, MA, USA) and 10% DMSO (Sigma-Aldrich,
St. Louis, MO, USA) at room temperature (RT), transferred to cryovials, left at —80 °C
overnight and, finally, stored in liquid nitrogen until further processing.

2.3. Flow Cytometry

Frozen aliquots of PBMCs were thawed in pre-warmed culture medium (RPMI 1640,
supplemented with 20% FCS, 0.5 mM L-Glutamine and antibiotic-antimycotic (all from
Thermofisher, Waltham, MA, USA). The cell number was determined by microscopic obser-
vation in a Neubauer chamber. Following double wash with PBS and staining with Zombie
Aqua™ (Biolegend, San Diego, CA, USA) for 20 min in the dark at RT, for the exclusion of
dead cells, PBMCs were washed once with PBS supplemented with 5% FCS and incubated
with the following monoclonal antibodies (Biolegend, San Diego, CA, USA): anti-CD14-
BV510 (Clone: 63D3)/anti-CD19-BV510 (Clone: H1B19) for the exclusion of monocytes and
B cells, respectively, and anti-CD3-PE/Cy7 (Clone: UCHT1), anti-CD8-APC/Cy?7 (Clone:
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SK1), anti-CD28-PerCP/Cyanine5.5 (CD28.2), anti-CD45RA-Alexa Fluor 700 (Clone: HI100)
and anti-CCR7- PE/Dazzle™ 594 (Clone: G043H7) for 20 min in the dark at RT, for the
identification of specific cell subsets. The cells were washed twice and were immediately an-
alyzed by flow cytometry (FACSAria III, BD, Franklin Lakes, NJ, USA). Then, 5 x 10* CD8+
T lymphocytes were collected. Data analysis was performed using Infinicyt 2.0.6 software
(Cytognos S.L., Salamanca, Spain). For subsequent analyses, distinct CD8+ T-lymphocyte
subsets were identified as follows: naive (CD45RA+ CCR7+ CD28+), central memory
(CM, CD45RA — CCR7+ CD28+), effector memory (EM, CD45RA— CCR7— CD28+) and
terminally differentiated effector memory (TEMRA, CD45RA+ CCR7— CD28—).

2.4. Statistical Analysis

Statistical analysis of the data was performed using GraphPad Prism 8.0.2 software
(GraphPad Software, Inc., San Diego, CA, USA). Statistically significant differences in
cell subsets between different patient groups were identified by applying non-parametric
Mann-Whitney (unpaired) tests. p-values below 0.05 were considered significant.

3. Results
3.1. Patient Characteristics

A total of 124 patients with PCa, including 81 patients with non-metastatic disease
(N-MD) (65.3%) and 43 patients with metastatic disease (MD) (34.7%), were enrolled in this
study. The demographic and clinical features are summarized in Table 1. The median age
was similar for both groups. In the N-MD group, the number of patients at the various
disease stages was: n = 16 for T1; n = 42 for T2; n = 22 for T3. Overall, 19 patients with
MD (44.2%) had bone metastases; 11 patients (25.6%) had soft tissue metastases and the
remaining 13 patients (30.2%) had both bone and soft tissue metastases. The treatments for
patients with N-MD included radical prostatectomy (RP), primary radiotherapy (PRTX)
and brachytherapy (Brachy), whereas those with MD received androgen deprivation
therapy (ADT). Fifty-four patients with N-MD disease had a Gleason Score (GS) < 8
(66.7%) and twenty-seven patients had GS > 8 (33.3%). The corresponding percentages in
patients with MD were 27.9% and 67.4%, respectively. The anatomic sites for metastases
are also presented in Table 1. The 33 patients in the MD group without any treatment were
diagnosed with de novo metastatic disease; that is, at their first presentation, they already
had metastases and blood sampling was performed before therapy initiation.

Table 1. Patients’ clinicopathological characteristics.

Clinicopathological Characteristics

Non Metastatic Disease Metastatic Disease
(N-MD) at Enrolment (MD) at Enrolment
No. of PCa patients 81 43
Age (Median)
68.7 68.6
Gleason Score
<8 54 (66.7%) 12 (27.9%)
>8 27 (33.3%) 29 (67.4%)
Missing 0 2 (4.7%)
pT stage
Tlc 16 (19.8%) -
T2a, T2b, T2c 42 (51.9%) -
T3a, T3b 22 (27.1%) -
Missing 1(1.2%) -
Site of metastases at the time of blood sampling
Bone metastases - 19 (44.2%)
Soft tissue metastases - 11 (25.6%)

Bone metastases and soft tissue metastases - 13 (30.2%)
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Table 1. Cont.

Clinicopathological Characteristics
Non Metastatic Disease Metastatic Disease
(N-MD) at Enrolment (MD) at Enrolment
Type of therapy received at the time of blood sampling

RP 32 (39.5%) -
PRTX 9 (11.1%) -
BRACHY 2 (2.5%) -

ADT - 10 (23.3%)

NONE 38 (46.9%) 33 (76.7%)

RP, Radical Prostatectomy; PRTX, primary radiotherapy; BRACHY, Brachytherapy; ADT, Androgen
Deprivation Therapy.

3.2. Comparison of CD8+ T-Lymphocyte Subsets between N-MD PCa and MD PCa Patients

To investigate any possible alterations in the densities of the various subsets of CD8+
T lymphocytes including naive, CM, EM and TEMRA subsets, based on the levels of
malignancy, we compared percentages of these CD8+ T subsets (among total CD8+ T
lymphocytes) in our cohort of PCa patients with N-MD vs. MD. The results showed
statistically significant lower levels of TEMRA cells in patients at the early stages of PCa (i.e.,
N-MD) vs. patients with MD suggesting increased percentages of terminally differentiated
cells at higher tumor loads of PCa (Figure 1). However, as also shown in Figure 1, when
analyzing the CM and EM CD8+ subsets, these were found to be significantly higher in
patients with N-MD vs. patients with MD, possibly indicating that CM and EM subsets in
N-MD patients have more delayed kinetics towards a terminally differentiated phenotype
as compared to their counterparts in patients with MD. Total CD8+ population and naive
CD8+ cells were comparable between the two groups (Figure 1).
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Figure 1. Differences in the composition of lymphocyte subsets between prostate cancer (PCa) patients
with metastatic and non-metastatic disease. The Tukey whisker plots depict the percentages of CD8+
T lymphocytes within the CD3+ T subset, and accordingly, naive, central memory (CM), effector
memory (EM) and terminally differentiated effector memory (TEMRA) CD8+ T lymphocytes. The
grey and red dots represent outliers (values). Statistically significant differences in the percentages of
cell populations between metastatic and non-metastatic individuals were identified by performing
non-parametric Mann-Whitney (unpaired) tests. p-values below 0.05 signify a statistical significance.
*p < 0.05; **** p < 0.0001.

3.3. Intragroup Comparisons of CD8+ T-Lymphocyte Subsets

The densities of these CD8+ T subsets were further separately analyzed in the group
of PCa patients with N-MD and in the group of patients with MD. As shown in Figure 2a,
in the N-MD group naive cells were at lower densities than any other subset, followed by
CM cells, which were at significantly lower densities compared to EM and TEMRA cells
(Figure 2b). TEMRA cells were at the highest densities compared to the naive and CM
subsets (Figure 2a,b). A similar subset density profile was also detected in the MD group
(Figure 2c,d) with the exception of significantly higher percentages of TEMRA vs. EM cells
(Figure 2d; right panel), which was not the case in the N-MD group (both subsets were
determined with densities that did not statistically differ; Figure 2b; left panel).
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Figure 2. Variations in naive and memory CD8+ T-lymphocyte subsets between metastatic and
non-metastatic prostate cancer (PCa) patients. The Tukey whisker plots depict differences between
the percentages of naive and memory cells and between distinct memory cell populations within
the CD8+ T subset in individuals with (a,b) non-metastatic and (c,d) metastatic disease. CM, central
memory; EM, effector memory; TEMRA, terminally differentiated effector memory. The grey and red
dots represent outliers (values). Statistically significant differences were identified by performing
non-parametric Mann-Whitney (unpaired) tests. p-values below 0.05 signify a statistical significance.
*,p <0.05;**, p < 0.01; ***, p < 0.001; ***, p < 0.0001; ns, p > 0.05.
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3.4. Comparison of CD8+ T-Lymphocyte Subsets based on Gleason Score (GS)

By stratifying our patients based on PCa aggressiveness (i.e., GS < 8 vs. > 8), we found
increased frequencies of (i) TEMRA cells in GS > 8 (Figure 3; lower panel) and (ii) CM
and EM cells in GS < 8 (Figure 3; middle panel), whereas no differences could be detected
for naive and total CD8+ cells between the two groups of patients (Figure 3; upper panel).
Given that 81.8% of our PCa patients with GS < 8 also had N-MD (54 of 66 patients), these
data suggest that increased TEMRA cells are detected among patients with MD and high
GS, whereas CM and EM cells are at higher frequencies in the group of patients with N-MD
and lower GS. Figure 4a shows a heat map with CD8+ subset densities for the groups of
PCa patients with combined N-MD and GS < 8 (n = 54) vs. patients with MD and GS > 8
(n =29). There is a statistical significance for the increased frequencies of TEMRA cells in
the MD and GS > 8 group vs. the group with N-MD and GS < 8 (Figure 4b). Moreover,
the lower densities of CM and EM subsets in the MD and GS > 8 group showed a clear
significant difference when compared to those determined in the N-MD and GS < 8 group
(Figure 4b).
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Figure 3. Differences in the composition of lymphocyte subsets between prostate cancer (PCa)
patients based on their Gleason score. The Tukey whisker plots depict the percentages of CD8+
T lymphocytes within the CD3+ T subset, and accordingly, naive, central memory (CM), effector
memory (EM) and terminally differentiated effector memory (TEMRA) CD8+ T lymphocytes. The
green and red dots represent outliers (values). Statistically significant differences in the percentages of
cell populations between individuals with a high (>8) and low (<8) Gleason score were identified by
performing non-parametric Mann-Whitney (unpaired) tests. p-values below 0.05 signify a statistical
significance. * p < 0.05.
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high Gleason score (>8) at the time of enrolment. (a) The heatmap presents mean percentage values
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of naive, central memory (CM), effector memory (EM) and terminally differentiated effector memory
(TEMRA) CD8+ T lymphocytes between PCa patients with non-metastatic disease (N-MD) and a
Gleason score (GS) < 8 and patients with metastatic disease (MD) and a GS > 8. Color change from
blue to red indicates an increase in cell abundance. (b) The scatter plots represent differences in the
percentages of naive and memory cell subsets within the CD8+ T subset, between PCa patients with
N-MD and a GS < 8 and patients with MD and a GS > 8. The charts show the mean values with error
bars designating the standard deviations. The grey dots represent values. Statistically significant
differences were identified by performing non-parametric Mann-Whitney (unpaired) tests. p-values
below 0.05 signify a statistical significance. **, p < 0.01; ***, p < 0.001.

4. Discussion

Samples taken from tumor tissue represent the main source for detecting biomarkers
for cancer prognosis and prediction of therapies. However, tumor biopsies are invasive and
sometimes impossible to obtain and these cannot be repeatedly collected for monitoring
disease progression. On the other hand, peripheral blood collection is a non-invasive
method and easy to repeatedly perform during therapies without any discomfort. For
that reason, today there is an increasing tendency toward the development of peripheral
blood-derived biomarkers for disease monitoring. This kind of monitoring made it possible
to study dynamic alterations in the various circulating immune lymphocyte subsets at
different disease stages, which could act as surrogates for the prognosis and prediction of
ongoing therapies.

Upon MHC-class I—restricted recognition of their tumor antigens, CD8+ T lym-
phocytes, a major type of cytotoxic cells, acquire various functional activities including
cytotoxicity and the production of cytokines to kill their tumor targets. A few of these
tumor-specific CD8+ T lymphocytes are preserved for long periods of time as memory
cells. Such effector memory CD8+ T lymphocytes either migrate to lymphoid organs
(CD8+ CM) or preferentially migrate home to non-lymphoid tissues (CD8+ EM) where,
upon re-stimulation by the same tumor antigen, rigorously proliferate and gain enhanced
antitumor functions [6,20]. Upon repeated encounters and stimulation by their cognate
antigens, some of these subsets become terminally differentiated and re-express naive cell
markers (CD8+ TEMRA) [21].

In the present study, we compared the frequencies of CD8+ T-lymphocyte subsets
in the peripheral blood of PCa patients with metastatic vs. non-metastatic disease, in an
effort to determine any possible associations between significant alterations in these subsets
and the levels of disease malignancy and tumor load. Given the impaired T-lymphocyte



Onco 2023, 3

172

immunity observed in PCa patients with advanced disease [22-24], the determination
of such changes in CD8+ T subset frequencies could function as a surrogate for disease
prognosis. In parallel, we performed similar CD8+ T subset analyses in PCa patients with
aggressive vs. less aggressive disease in order to validate their prognostic value in PCa,
irrespective of any previous treatments. Our studies made the following observations. At
first, there was a significant difference in the percentages of CD8+ CM and EM subsets
between PCa patients with MD and N-MD (lower vs. higher, respectively). Given that
CD8+ EM confers protective immunity by migrating to the inflamed tissues and exerting
local cytotoxic functions, while CD8+ CM readily responds to antigenic stimulation in the
secondary lymphoid organs and differentiate into effector cells [6], it is conceivable that
the higher frequencies of both subsets in patients with non-metastatic disease reflect a
functionally active immune system representing a biomarker of favorable prognosis. We
also found higher percentages of CD8+ TEMRA cells in the patient cohort with metastatic
disease, suggesting that these may have a restricted capacity for performing antitumor
cytotoxic activity. In line with this, in a recent report, it was found that in patients with
advanced esophageal squamous cell carcinoma receiving radiotherapy combined with
immunotherapy, PD-1+ CD8+ T lymphocytes exhibited higher functional and activated
characteristics and had enhanced memory properties (including both EM and CM subsets)
and less TEMRA cells than PD-1- CD8+ T lymphocytes [25]. Our study also revealed similar
CD8+ T subset profiles for our PCa patient cohorts stratified by tumor aggressiveness.
Thus, patients with GS < 8 exhibited higher frequencies of EM and CM cells and lower
frequencies of TEMRA cells compared with patients having GS > 8. Intratumoral analyses
in localized PCa linked increased immunosuppression and epigenetic modifications leading
to compromised immunity with high GS [26,27]. Thus, peripheral biomarkers comprising
high frequencies of CM and EM cells, as well as low ones of TEMRA cells, seem to correlate
with lower tumor load (non-metastatic disease) and lower tumor aggressiveness (lower
GS levels), whereas the opposite is true for the inverse subset frequencies (i.e., links to
metastatic disease and higher tumor aggressiveness by low CM, EM and high TEMRA
frequencies). Importantly, these observations were confirmed when we analyzed these
subset frequencies in our PCa patients with combined disease status and GS. We could show
that patients with a more favorable prognosis based on non-metastatic disease combined
with GS < 8 also had higher densities of CM and EM cells, as well as lower frequencies of
TEMRA cells. In contrast, patients with a poor prognosis having metastatic disease and
GS > 8 exhibited low densities of CM and EM cells and high densities of TEMRA cells.

Undoubtedly, it should be taken into consideration that the different treatment ap-
proaches in PCa may affect the rates of immune subpopulations; however, up-to-date
studies have mainly focused on the tumor microenvironment. For example, stereotactic
body radiation therapy (SBRT) has been found to alter the immune environment within
PCa tumors, causing increases in the relative abundance of myeloid cells and decreases
in CD8+ T cells [28,29]. Nonetheless, there has not been extensive research on the effects
on systemic circulation, although it is known that radiotherapy promotes immunogenic
cell death by remodeling the tumor microenvironment and induces immune responses
by enhancing antigen cross-presentation and CD8+ T cell response [30,31]. Activated T
cells have been found to be increased after low-dose-rate brachytherapy in the peripheral
blood, whereas memory CD8+ T cells are decreased after treatment [32]. The numbers
of immunosuppressive CD14(+) HLA-DR(low) cells were found to be elevated in PCa
patients, with their levels being normalized post-radical prostatectomy, thus indicating an
association between such immune responses and reduced tumor burden [33].

5. Conclusions

Herein, we demonstrate variability in the circulating levels of CD8+ CM, EM and
TEMRA T lymphocytes among PCa patients with metastatic vs. non-metastatic disease.
We noted a significant increase in the percentage of CD8+ CM, EM T lymphocytes with a
concomitant decrease in TEMRA cells in patients with low tumor load (N-MD) as compared
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to patients with MD having a higher tumor burden. This pilot study adds to the limited
literature regarding the effects of high tumor burden and high GS on circulating CD8+
T subsets, particularly CM, EM and TEMRA, and ascribes them a role as surrogates for
disease prognosis. Our data for similar variabilities in these subsets, when comparing PCa
patients with high GS vs. low GS and in patient groups stratified by combined N-MD and
low GS vs. MD and high GS, add further evidence to their role as surrogates for disease
progression and suggest that their serial monitoring may be informative for the prognosis
and prediction of ongoing therapies. These findings require further validation in a larger
cohort of patients.
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